INTRODUCTION
The new Gold Standard in microbial epidemiology is genome sequencing. The use 54 of whole genome (draft) sequences (WGS) to compare bacterial isolates in detail, 55 and to delineate their spread, is based on either the detection of single nucleotide 56 variants or polymorphisms (SNVs and SNPs) or on the assessment of overall gene 57 content including allelic differences between strains by whole genome multi-locus 58 sequence typing (wgMLST) (1-4). Both methods have their advantages and 59 disadvantages. Where SNP analysis may have a higher intrinsic discriminatory 60 power (since it covers coding and non-coding regions) and better resolves the 61 ancestral relationship between lineages, wgMLST usually provides a more stable, 62 generically applicable system, with results that are easier to translate into relevant 63 epidemiological differences between isolates. wgMLST schemes have been 64 developed for a multitude of microbial organisms, with the main driver being the 6 an assembly-based BLAST approach. Identification was done against the S. 152 marcescens wgMLST database in BioNumerics™. Categorical coefficients were 153 used for defining similarity levels and Unweighted Pair Group Method with Arithmetic 154 Mean (UPGMA) was used as clustering algorithm. Minimum spanning trees (MST) 155 were constructed using the wgMLST allelic profiles as input data. The size of the 156 nodes was chosen proportional to the number of isolates in the nodes (i.e. isolates 157 with the same allelic profiles). Branch lengths reflect the number of allele differences 158 between the isolates in the connected nodes. conformity between 85% and 97% after constructing the scheme and showed an 164 average of 95% global coverage of the included loci. The scheme was validated in 165 August 2017 on the basis of 373 sequence read archives (SRA), which included all 166 Illumina data sets publicly available as of 28 August 2017. In this way, a total of 167 9,377 loci were added to the scheme, including 1455 loci which were present in all 168 references and 7922 accessory loci. The wgMLST scheme had high discriminatory 169 power and allowed for the detection of markers specific for S. marcescens subtypes 170 or outbreak strains, thus enabling powerful classification and outbreak definition (see 171 Figure 4C ). The two allele detection procedures (either assembly-based or 172 assembly-free) performed fast and reliable allele calling for cluster detection. Figure   173 4A indicates the diversity within the reference genome set, and provides an overview 174 of the number of clusters as function of the similarity cutoff value, indicating the 175 presence of both distant and highly related isolates in the reference set of 299 176 strains. Figure 4B depicts the number of pairwise allelic differences and the 177 frequency of their occurrence peaking at about 4000 allelic differences given the 178 current wgMLST scheme complexity. Figure 4C shows a global perspective of the 179 genomic diversity among the references used to build the wgMLST scheme, where 180 all circles identify distinct wgMLST types (as also semi-quantified by the number of 181 allelic differences quantified on the branches) and the colored blocks identify isolates 182 of more closely related and sometimes indistinguishable genomic sequences. This 183 confirms our assumption that the genome sequences obtained from the public 184 on February 11, 2019 by guest http://jcm.asm.org/ Downloaded from domain show significant levels of diversity allowing them to serve as reference of 185 genomic variability. Overall, the quality parameters indicate that the scheme covers 186 the diversity within the species and provides sufficient resolving power for 187 distinguishing even closely related bacterial isolates. Finally, it seems that the 188 population structure of S. marcescens is largely genetically diverse with many 189 singletons present. However, there seem to be indications for the successful 190 expansion of clones (colored circles, Figure 4C ).
191
Strain characteristics and outbreak features: It has to be stated that only one 192 patient died as a consequence of S. marcescens colonization/infection. Also, 193 presence was mostly due to colonization and real infection was only apparent in a 194 limited number of cases (Groningen 9 of 38 patients (24%); Cologne 2/16 (13%);
195
Freiburg 6/23 (26%) (one sample of unknown origin)). Overall, 22% patients had an 3. The number of allele differences ranged between 0 and 4 for the epidemiologically 238 defined strain clusters with two exceptions. There is only a single strain in the 239 Freiburg cluster that differs by 18 alleles from its counterparts. This suggests that a 240 cut-off value of <20 alleles would represent a conservative but useful estimate for 241 transmission-related isolates, also given the significantly higher genetic distance 242 between the non-related S. marcescens isolates. Figure 6 once more displays the 243 robustness of the wgMLST scheme since while including all WGS entries in the 244 database, still the strain clusters identified above remain unchanged. marcescens is less developed, and for this reason we developed a wgMLST scheme.
251
The system allowed for the adequate recognition of clonally related organisms and it 252 allowed for the detection of outbreak events. At the level of wgMLST the number of 253 changes between the most closely related isolates were less than twenty alleles 254 (given the time frame during which our outbreak related strains were captured), 255 although a significant fraction of the closely related genomes only differed by 0-4 256 alleles. This latter level of resolution does not allow for detailed epidemiological 257 tracing of spread from one patient to the other given the apparently low number of 258 changes associated with such transfers. We performed a limited number of wgSNP 259 analyses and, surprisingly, for the ten related isolates from Groningen, this did not 260 increase the resolution. The number of SNPs encountered between the ten isolates 261 ranged from zero to five, in the same range as the wgMLST variation and insufficient 262 to decipher transmission of strains between patients (data not shown engine's quality-controlled de novo assembly possibilities allow for rapid, push-292 button assembly of WGS data without the need of local computing power. In short, 293 even high resolution typing needs optimal epidemiological data and cannot stand on 294 its own. Although we here focus on patients in NICUs it should be emphasized that 295 genomic typing of S. marcescens will have wider implications as these bacteria infect 296 other risk groups as well (25, 26) . We acknowledge the fact that we are not disclosing 297 the precise methodology used for wgMLST scheme development since this module 298 will become available only in combination with BioNumerics™.
299
In conclusion, all laboratory-run typing methods, wgMLST included, are valuable in 300 the context of hospital-wide screening for pathogens but also for analyses of random 
